Abstract: Helium Purification System is an important sub-system in the Accelerator Driven Sub-critical System of the Institute of High Energy Physics (IHEP-ADS). The purifier is designed to work at the temperature of 77K. The purifier will work in a flow rate of 5g/s at 20MPa in continuous operation of 12 hours．The oil and moisture are removed by coalescing filters and a dryer, while nitrogen and oxygen are condensed by a phase separator and then adsorbed in several activated carbon adsorption cylinders. After purification, the purified helium has an impurity content of less than 5ppm.
Introduction
There are a lot of superconducting facilities in the Accelerator Driven Sub-critical System of the Institute of High Energy Physics (IHEP-ADS), which need an enlarged cryogenic system to supply more liquid helium. Since helium is rare and expensive, the helium purification system is under construction to meet the high purity standard of the cryogenic system. The impure helium is mainly from the tests of superconducting cavities and the failures of the cryogenic system. The impurities of the impure helium can solidify at low temperature, which will choke the tubes and damage the turbo expanders. The helium purification system can keep the purity of helium for 99.9995% and has a storage capacity of 20000Nm 3 (including impure helium and pure helium) at 20MPa. The simplified process scheme of the purification system is in Fig.1 , which includes gas bag, compressor, coalescing filters, dryer, helium purifier and high pressure cylinder manifold. Helium purifier is a key equipment of the helium purification system. Some countries have built their own high pressure purifiers [1, 2] . The design parameters of the helium purifier of IHEP-ADS are in table 1. The purifier works under the condition of 77K, 20MPa, which mainly includes high pressure heat exchanger, liquid air separator and carbon activated adsorption cylinders. In this work, the working principle and the design of the helium purifier are presented, and the studies of heat exchanger and the adsorbents are carried out. 
Working principles of the helium purification
The impurities of the impure gas mainly include nitrogen and oxygen, with a minority of moisture, carbon dioxide, hydrogen and oil. Firstly, the impure helium will be gathered in the helium gas bag.
When the gas bag reaches a high level, the impure helium will be compressed to the high pressure cylinder manifold. As the impure helium reaches a certain amount, the purifier begins to operate continuously with a throughput of 5g/s at 77K, 20MPa. The impure helium flow to the gas bag and compressed by the compressor, then passes through the oil and water separator vessel, coalescing filters, dryer, outer heat exchanger, high pressure heat exchanger, condenser, liquid air separator and adsorption cylinders. At last, the pure helium will be stored in the high pressure cylinder manifold. The regeneration is completed by pressurization with pure helium. The purifier is equipped with an automatically process control system and a local operator panel. So the purification and the regeneration process can be controlled automatically and manually.
Design of helium purifier
The purifier includes dewar, outer heat exchanger, high pressure heat exchanger, condenser, liquid air separator and adsorption cylinders. The dewar is fitted with a quantity of liquid nitrogen, in which condenser, liquid air separator and adsorbent cylinders are submerged. The height of the purifier is 3050mm, and the diameter of dewar is 600mm with a thickness of 5mm. The outer heat exchanger acts as dryer which brings down the water dew point to approximately 1 ℃. The helically coiled tube-in-tube heat exchanger is selected as the high pressure heat exchanger, which is compact and high efficient. The outside diameter of the inner tube is 8mm with a wall thickness of 1.5mm, while the outside diameter of the outer tube is 16mm with a wall thickness of 3mm. The diameter of the coil is 270mm. In order to decrease the drop pressure of the tube, the heat exchanger is divided into five layers. The result of the high pressure heat exchanger is shown in table 2 and the tube length is 11.84m.
The liquid air separator (vol. 18.3l) collects the liquid air at the bottom of the separator. After the liquid air separator, the impurities of the gas are less than 0.32%. There are 6 adsorption cylinders (vol. 18.3l) which are divided into two ways and connected in series. The adsorbent in the adsorber is coconut shell activated carbon with a good performance at 77K. 
Numerical studies of high pressure heat exchanger
The designed helically coiled tube-in-tube heat exchanger is model with CFD methods [3, 4] . The input gas is in the annulus and the output gas is in the inner tube. These two fluids are counter-flow. 
Experimental studies of the adsorbents
The Linde activated carbon is widely used in the purification. The properties of the static and dynamic adsorption of Linde coconut shell activated carbon are studied experimentally. The adsorption isotherms of N 2 and O 2 (77K) are presented in Fig.4a .In the figure, it shows that the static adsorption capacity of O 2 is larger than that of N 2 and they belong to type I. The specific surface area is 999.72m 2 /g which is fitted with N 2 adsorption isotherm by the BET model [5] . The pore size distribution is analyzed using Density Functional Theory (DFT) method with N 2 adsorption isotherm, which is shown in Fig.4b . The total pore volume of Linde activated carbon is 0.465cm 3 /g and micropore occupies approximately 95% of the total volume. 
Conclusion
High pressure purifier is a key equipment of the helium purification system. The working principles of the helium purification and regeneration are described. The design of the purifier is shown in details.
It's known that the high pressure heat exchanger and the adsorption cylinders are important parts of the purifier. The helically coiled tube-in-tube heat exchanger is numerically studied and can meet the need of heat transfer. The experiments of static and dynamic adsorption of Linde coconut shell activated carbon are carried out. The activated carbon has 95% micropore which can adsorb the impurities well at low pressure. The amount of the activated carbon can be calculated by the N 2 static adsorption capacity with a factor of 1.5~2.
